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ABSTRACT

In the case that the camera is fixed, the most common method which is
used in carrying out the real-time detection for the moving object of the
image sequence is the background subs traction. This algorithm can be
estimated the background model without a moving target. The position of
the moving object is determined according to calculating the difference
between the image frames and the background model, and the detection
result is used to update the background model. In avariety of background
subtraction algorithms, the main difference liesin adopting the background
model and updating algorithm. At present, as for the background model,
the statistical model ismostly used to describe the probability distribution
of the brightness, and the most practical application isnormal probability
distribution. As for the background updating a gorithm, the different test
detection resultsis basically given the different coefficientsto distinguish
tending to retain or change the original distribution.
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INTRODUCTION ground regions of the scene, the video signal can be
transmitted partly intheinformationtransfer. If what is
passed isregiona perspectivesand itsstatusinforma
tion, we can concretethe favorable conditionsfor the

real-time video session. The K ey based on the back-

Segmenting body partsin theimage can provide
thetrackinginformation of theimage sequenceand help
to andyzetheinterested detail sof themovement. Inthe

counsdlingtraining of theathletesand thetraining of the
Taekwondo student athletes, it can anayzetherol e of
he human motion mechanism. Because of thelimitation
of thebroadband bandwidth limitations, the mediaof
largeamount of the datajust asthevideo signd isdiffi-
cult to play real timeon the Internet. And becausethe
human motion analysis can be segmented fromthefore-

ground subtraction i sthe descriptive model and back-
ground model of the background image, whichisthe
basi s of the background subtraction method segment-
ing thefuture objectives. The background model can
be divided into singlemode and multimode. Thecolor
distribution of theformer on each backgroundisrela-
tively concentrated and can be described by thesingle
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probability modd . Thedistribution of thelatter isdis-
persed and require the multipledistribution model sto
describetogether. Intheimage dataof the Taekwondo,
many backgrounds and charactersemergethe charac-
teristicsof themultimode. The most commonly used
description of the background color distribution is
Gauss an distribution. Themethod of the background
modelingisthemostly common used method of fixing
thevisua system of camera, whichistoredizethefast
starting and isfavorableto the application of thereal-
timeapplication.

Asfor the study of the background image, many
people make the great efforts and the technology is
devel oped continuoudy accompanyingwith theresults
of advent of theresults, including: LinWen, TuDanand
Li Guohui in themanagement science and engineering
MultimediaLabintheNationd DefenseUnivergty write
the paper the detection method of the moving object
based on the satitical background model, which stud-
iesthe problem of abstraction, update of background,
background disturbance, illumination changes and
shadow monitoring of the background modd, proposes
akind of the effective moving object detection meth-
ods and solve the above problem better. Firstly, the
statistical method is used to obtain the background
model and updatethe backgroundinrea timeto adapt
the changesof light and scene, and themorphological
method is used and the connected area measurement
areintroduced to solvethe noiseand background dis-
turbance problem’sQldan, Li Ke, Zhang Zhi and Cai
Chengtao writethe paper Thelmproved Gaussan Mix-
tureAdaptive Background Modd , which putsforward
two improvements as for the actual defects of the
Gaussian MixtureModd: Pixd filtration and the adap-
tivevector method are carried out accordingto theevo-
[ution of thebackground, and theimproved dgorithmis
used to carry out the comparativetest on achieving both
endsof receivingsurvelllancevideo homol ogy dgorithm,
theimproved dgorithm isobta ned to enhancethe anti-
jamming capability of theagorithmorimprovethe speed
of theformation and switch of the background, which
isused indedling with thevideo processingasthebasic
agorithm; Xu Dongbin, LiuChangpingand Huang L&l
intheAutomati zation Indtitute of ChineseAcademy write
the paper Adaptive Background M odel Based on Prob-
ability and Stati sticsmotion moving Target Detection

Method putsforward akind of the moving object de-
tection methods of adaptive background model based
ontheprobability statistics. The method can be adapted
to choosethe background and the prospectsfor thresh-
old and carry out the sl f-adaptation choicesin thedif-
ferent sceneswithout carrying out thetraining. Onthis
basi s, according to the blind update and the deficiency
of choosing the update, the background update mod-
uleiscombined withthethepixel clustering statistics
and probability. Thetestsshow that the method can get
reliable background and improve the motion detection
effect; Pi Wenkai, LiuHong and ZhaHongbinin the
Visual and Auditory Information Processing state key
laboratory, inthe Graduate School of Computer Sci-
ence of Peiking University write the paper adaptive
background model based human motion detection Omni
directiona vison, which desgnsakind of comprehen-
svevisontechnology to carry out thereal-timemotion
detection for several human objectsindoor. The sys-
tem usesthe Omni-directiona cameraastheimage cap-
ture equipment to obtain the horizontal 360° environ-
mental informationinthepicture. Theexperiment show
that: the system can achieve better redl-time and detec-
tion resultsin thecomplicated backgroundindoor envi-
ronments. In the paper, the background subtraction al-
gorithm which carried onthe Taekwondoimagedatais
studied on the base of the former studies; the single
Gaussian background model, hybrid Gaussian back-
ground model and the principal component analysis
modeling method and the advantages and disadvan-
tages of three algorithms are reviewed to expect the
technol ogy to push the higher relm of thetransmission
of the Taekwondo.

THEMOTIONDETECTALGORITHMS
BASED ON THE BACKGROUND
SUBTRACTION

Single Gaussian background model

The single Gaussian background model isappli-
cableto single-modemodd, that is, the changes of the
background isnot large and thetrends of the changesis
relatively smple. Thegray vaueof thebackground pixe
possessesthestatistical charactersontime. TheFigure
1 showsthe curvesof gray values of the background
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pixel vaueintimeand thedistribution of thevaue.
|

Figurel : Background pixel gray valuecurveand thegray
valuedistribution diagram

Inthe Figure 1, theleft diagram shows the back-
ground pixel gray value curve and theright diagram
showsthedistribution of each gray valuecurve.

The single Gaussian background model usesthe
Gaussian digtribution functionto describe the statitical
properties and uses the variances and mean valueto
represent themathematicad modd, just showsin Figure
1.

1, y)= N, y), > (%)) ©

> 1(x,y) intheformulal expressesthegray value
of the pixel coordinates, u(x, y) representsthe, mean
vaueof theGaussandigtribution, and 1 .y) represents
variancesof the Gaussan distribution. Generaly speek-
ing, the discriminate method of the background or the
foreground of thenew framepixelsisbased onthedis-
tance of the gray value and the mean value, whichis
showninFigure2.

1 (x y)=u(x )| > 23 (x y.t-1) @)

When meeting the demands of theformula2,the
pixel isdetermined asthe background, otherwise, the
pixel istheforeground. After the determination, the
Gaussian background model is heeded to update and
adoptstheformula3.

u(x,y,t)y=(>2-a)-u(x,y,t—-1)+al (x,y,t)
{Z (x,y,t)=@1-a)- > (x,y,t-1+a-d(x,y,t)-d"(x,y,1) (©)

d(x y,t)intheformula3to expressthe gray scale
differences d(xy,t)=1(x y,t)-u(x y,t—1), ao<a<1 EXPresses
the update coefficient,which reflectsthe update speed
inthemodd.

If the x point isdetected astheforeground, theorigi-
nal probability distribution in the background model
should beretained, andthevalueof a issmall andis
often zero; if the point is detected asthe background,
thenthevaueof aislarger, and the probability distri-
bution of the background model can keep with theac-
tual changes.
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Hybrid Gaussian background model

Mixture Gaussian background model isgpplicable
to the background mode which presentsadual-modal
and multi-model, and its col or component presentsthe
obviousdidtribution characteristics. TheFigure 2 shows
that the gray value changes of the pixel and the corre-
sponding histogram, and we can seethe gray values
changeinterval [30,240] iscomparatively large. If we
usethesingle Gaussian modd, thewe can not describe
thegray vauedidtribution of thebackground pixel com-
pletely.
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Figure2: Gray valuechangesand histogram distribution

Inthe Figure 2, theleft diagram isthe gray value
changing curvewiththetime, andtheright diagramis
thehistogram distribution of the pixdl.

Hybrid Gaussian background model uses k
Gaussian Model to describethe distribution of each
pixel, theformula4 expresses:

P(X1y):ZKWi,j'U(Xi,ﬂyi,j’ui,jﬁzivi ) 4
Intheformula(4) ;. ., |

vector of Gaussian distribution and covariance matrix.
Generdly spesking, v dgorithmandthe g meansclus-
tering algorithm estimates the parameters, and each

expressestheithmean

model hastheweighting parameters W, ; andtheprior-

ity parameter p, ; . Theweighting parametersand the

priority parameter expressesthe priority sequence of
themode, therelationisjust astheformulas,

o w(Xx,Yy,t,i)
p(x,y,t,i)= aex( \/Z(x,y,t,i)) (5)
The k mode doesnot expressesthe distribution of
thebackground pixel, but may expressthedistribution

of theforeground. Accordingto priority, the k model

can be sequenced from largeto small. Theformer b
model can beregarded asthe distribution of the back-
ground pixel, therest isthe distribution of the back-
ground pixel, the standard of the sequencingisshown
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intheformula®6.

b(x,y,t)= ag mijn (ZJ w(x,y,t,i)> BJ 6)

B intheformula6 expressesan empirical thresh-
old vaue, and the new color vaueismatched with the

chosen b digtribution. Usudly thematchingmechanism
satisfy theformula?,

(%, y,t)-u(x y,t-1) < 2:5(x, y,t -1) )
In the adaptive update of the hybrid Gaussian
model, the parameters of the Gaussian distribution needs
to be updated and the distribution valuea so need to be
updated. If any distribution isnot matched in the detec-
tion, thesmallest weight di stribution should be putsfor-
ward according to the new gray va ueintroducing the
new digributionanditsreativevarianceisrelaivelarge.
Thentheweghts of the other Gaussian distribution car-
riesout the normali zation processing and the matched
background model isupdated according totheformula
8.
u(x, y,t,i)=@AQ-a)-u(x,y,t=1i)+al (x,y,t)
{Z (X y.ti)=-a)- Y (xy,t-Li)+a-d(xyti)d"(xyt,i) )
Intheformula8, o expressestheinformation ad-
ministration, theweight isupdated accordingto thefor-
mula9,
1- Swi(x,y,t=1,i)+ i = mathed
wixy.ti)= {( (1{;?3)~(w(>i/,y,t—1),i)ﬂ otherwise ©)
s0<p<1 INtheformula8 expressesthe update coef-
ficients
Principal component analysismodel

Themoving objects makelittle contributionto the
statistical properties of the background, the statistical
properties of the background isused to establish the
background model. If theimageregionisregarded as
therandom vector, K — | transformisappliedto ob-
taintheorthogonally k — | base, theaccording base-
ment of the bigger Eigen valuerepresentsthe charac-
teristicsof static background, that isthe principa com-
ponent andysis. Inthered operation, theprincipa com-
ponent analysisobtal nsthe background characteristics.

Assumethebackground have N frame, thedimen-
sion of eachimageof frameis mx n, thusthevector of
mnx 1 can beused to express, background value can
be expressed by formula 10,

l N
= N lz:l: L

Then the background of the pixel and theaverage
background can berepresented by theformula 11.:
s=L-¢ (1)

Let the matrix A= {5,,5,....5, }, and the matrix is
known asthe mnx N matrix, thenthebackground fea-
turesistoidentify the previous zth eigenvector of the
greater vectors pAAT, isshownintheformulal2:
(i=12,., N) (12)

Thevector and theeigenvector of the AT p Satisfy
theformulal3,

ATAU = AU/
u = Au, 4 °°

(10)

AATU, = AU,

(13)

u and u’ intheformula 13 representsrespectively
eigenvector of oa™ and AT A. The 4 representsthe
characteristicvaueof paT,andtheeigenvector u, is

thebackground feature, and u. can beformedto pro-

jection matrix to ded with thedimens on reduction pro-
cess, theformula 14 isobtained,
W =(u,,U,,..., U, ) (14)
The detection process of the principa component
analysisisto abstract the feature background, recon-
struction of theframe and the difference between lin-
earization recongruction background andthenew frame,
thenthemovingregionsisobtained and thestepsareas
follows
Step 1: Assumethenew imageof frameis |, then
the according thefeature background isshown as
theformula 15,

q'=W'(L'~¢) (15)
Step 2: Reconstructing theframeto obtain 7, the
new frameisshown asformula 16,

L"=Wq +¢ (16)
Step 3: CdculaingthedifferenceT betweenthere-
constructing frameand the original frame, thedif-
ferencecaculationisshownintheformulal7,and

the Matlab softwareis used to generate absol ute
differencevadueFigure3,

T: L!_L"

(17)
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Figure3: Theabsolutedifferencevalue

Step 4: thethreshold vaueischosen, theforeground
and background are obtained by linearization.

ANALYZING THEADVANTAGESAND DI S
ADVANTAGESOFTHREE MODELS

Asfor single mode background image, thesinge
Gaussian model performsvery well, possessing the
advantage of smplexesand speediness, butissengtive
tolocal disturbance and noise;

Inthecase of portraying the multimode accurately,
the hybrid Gaussian model possessesthestronger ro-
bustness, but its parameter estimation needsto usethe
ev dgorithmor g averagingmethod, and itscomputa
tional processtakesalot of time, at thesametimeitis
comparativesmall asfor thesmple Gaussan modd.

Based onthemodeling method of principal com-
ponent anaysis, el genvector can be abstracted by the

K — L transformin therare number of samples. The
method possessthe s mplexesand the effectivenessin
thereal application, but the modeling method ismore
sengtiveto thechangesof light and thethreshold isdif-
ficult todetermine

CONCLUSIONS

ThesngeGaussanmodd isgpplicabletothesingle-
modebackgroundimage, and thesingle-mode Gaussan
model possessesthe advantage of thefast speed and
convenience, but asfor the model, the choice of the
threshold issingleand it isnot adapt to thenoiseand
theintendvedisturbance environment.

The hybrid Gaussian model makes up the disad-
vantage of thesingle Gauss anmodd, a thesametime,

BioTechnology — mm—

thevariablewe ghtsareadded to the update background
to make the hybrid Gaussian model issuperior to the
single Gaussianmodel intheaspectsof robustness. But
because of estimation of itsparametersgenerating more
distribution, itisproneto generatethe unnecessary ca-
culation.

The modd ling method of the principa component
analysisisadaptableto the background of the smaller
samplesandtheeigenvector isabstracted by the k —
changes. Inthe practical application, it possessthead-
vantages of thefast speed and implementation conve-
nience, and the modeling method ismore sensitiveto
thechangesof thelight and thethreshold valueismore
difficult todetermine.

Synthesizing thethree modeling a gorithm can be
known, asfor the Taekwondo videoiscapturedinthe
indo or environment and isnot reliablefor the back-
ground. Theimage background modelsinthevideo of
singleperformanceand teaching routine usethesingle
Gaussian model and the principal component analysis
modeling method. Asfor the video image background
model of the double sparring performanceswith the
audienceandthejudges, the hybrid Gaussanmodel is
applicable.
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